The GMR magnitude appears relatively insensitive to texture. Little change in the GMR characteristics is observed when the substrate is changed from glass to Si(100) or Si(ll1).
I. INTRODUCTION
Giant magnetoresistance (GMR) and exchange coupling in magnetic multilayers has been the subject of intense investigation since its discovery in the Fe/Cr multilayers [ 1, 2] . The period of oscillation of the antiferromagnetic coupling and its strength in multilayers has been found to depend (among other factors) not only on the spacer material but also on its crystalline orientation [3- 51. This has been attributed to the change in the topology of the Fermi surface along different crystalline directions [6, 7] . Thus by changing the texture of the multilayer using different growth conditions a study of the exchange coupling which is linked to GMR can be performed. From the application point of view GMR heads require low saturation fields, therefore an understanding of the parameters which could control the exchange coupling and result in producing magnetically softer multilayers is of much interest. It has been reported numerous times [8-10J that the use of an Fe buffer layer in NiFe/Cu and NiFeCo/Cu system, induces a (200) texture and results in higher GMR and lower saturation fields. In Co/Cu multilayers, a controversy still exists as to which crystalline orientation, [( 100) or (1 1 l)], dominates the exchange coupling and GMR [11, 12] . Fe/Cr multilayers grown epitaxially on MgO single crystals exhibit no difference in the strength and the period of exchange coupling along (100) and (211) planes [13] .
The intent of the present study is to investigate the effect of various textures on magnetic and GMR properties of [Co90FeldCu]8 multilayers. We have used different buffer layers, such as Fe (bcc), Cr (bcc), Ta (bcc or tetragonal), Cu (fcc) and A1 (fcc) and studied their effect on the texture of the multilayer and its consequent effect on GMR and magnetic properties. The influence of different substrates on the growth and magnetic properties is also reported.
EXPERIMENTAL METHODS
A dc magnetron sputtering was used to prepare [Co90Fe10 (15A)/Cu(tA>], multilayers, and various single element 1 ayers listed above were used as the buffer layers. High purity argon (99.99%) gas at a base pressure < 3~1 0 .~ torr was used for sputtering. A pressure of 2.6 mT was used while sputtering the films onto substrates such as corning #7059 glass, Si( 11 l), Si( 1 1 1)/Si02 and Si(lOO)/Si02 substrates at ambient temperature at a distance of about 60 mm from the target. The sputtering rates for the various materials ranged between 5 and 7 &s. A permanent magnet (field -600e) was attached behind the substrates during sputtering in order to induce uniaxial anisotropy. The thickness of the various bufffr Iayers (Cu, Al, Fe, Cr, and Ta) was approximately 1100 A. The configuration of the multilayer sample was, substrate/buffer/muItilayer. No capping layer was used. The structure of the multilayer and various single layers was characteriezd using low and high angle X-ray diffraction (XRD) with Cu-K, radiation. Atomic Force Microscopy was used to analyze the surface topology/roughness of the v,arious film samples. MR measurements were made using a linear four-point probe method with the current in the film plane and along the induced easy-axis direction. The GMR ratio is defined as :
AR/R=[R(H)-R(HSut)]/R(H,,,)
, where HSat is the maximum applied field to saturate the sample. A vibrating sample magnetometer (VSM) was used for other magnetic characterization. the lower remanence values for the thinner Cu spacers (Fig.  1 ). This could be due to the poor crystalline and multilayer structure and this is confirmed from the high and low angle X-ray diffraction, respectively. Therefore, the Cu thickness near the second AFM peak was chosen to study the effect of various buffer layers due to the superior quality of the films at this thickness. Figure 2 shows the GMR profiles of three of the multilayer samples sputtered on a glass substrate. show the effect of substrate on GMR magnitude and its FWHM, respectively. When the substrate is varied the GMR magnitude does not vary significantly (Fig. 3a) . A large variation in the FWHM is observed with substrate change when a Cr buffer layer is used. Magnetic coercivity and remanence are consistent with the GMR characteristics and follow the same relation as a function of the buffer layer as does the saturation field and the magnitude of GMR, respectively.
RESULTS AND DISCUSSION

GMR and Magnetization Behavior:
Structure of multilayers:
High angle XRD of [CoFe( 15A)/Cu(23A)]~ multilayers with different buffer layers sputtered on glass is shown in Fig. 4 . Films without any buffer have (1 11) texture and so do the films with Cu, A1 and Ta buffer layer. Films with an AI buffer exhibit the strongest (1 11) texture. A Cr buffer results both in (1 11) and (200) diffraction peaks (for CO and Cu). By contrast multilayers grown on Fe buffer show an overall poor film texture, but show a (200) diffraction peak due to Fe. Thin films of buffer layer material equivalent in thickness to that used under each multilayer were also sputtered separately in order to investigate their crystal structure, texture and resistivities. All the materials except 2 Theta (Deg.) Ta grow with the same crystal structure as their bulk counterpart, Ta has a tetragonal structure [14] , instead of bcc. The buffer materials which are fcc in structure (Cu and Al) caused (1 1 1) texture and those with bcc lattice have resulted in either a mixture of (1 11) and (200) texture (Cr) or very poor overall texture (Fe). Film texture was found to be independent of the substrates used. Force Microscopy was also used to study the surface topologyh-oughness of the single buffer layer films as well as with the complete multilayer stack, to look for a corre1,ation between the GMR characteristics and textures with the surface roughness. Interestingly, the buffer layers which result in higher GMR are in general smoother when compared to those with lower GMR. The RMS roughne2s of the various buffers ranged between 1.2 (Al) and 4A (Ta). After the deposition of the multilayer stack on each bufferolayer, the absolute range of roughness increases (2.5 -6 A) for the various multilayer films, however no correlation between the GMR magnitude and roughness was observed. This could imply a greater dependence of the GMR characteristics on the initial growth conditions rather than the cumulative topology after 8 bilayers. We are investigating these results further.
The GMR results of this study on (CoFeKu) multilayers clearly show an effect of changing the film texture om the saturation field and hence the exchange coupling, which is also evident from the characteristic GMR profiles as the texture varies. Unlike various other studies, particularlly on NiFe/Cu and NiFeCo/Cu [9, 10] systems where the presence of (1 1 1) texture is detrimental to the GMR; in (CoFe/Cu) multilayers, (1 1 1) texture seems to give the most favorable results in terms of the field sensitivity of GMR. Changing the substrate does not have an effect on the film's structural, magnetic or transport properties. A future study will be concerned with the effect of the thickness variation of the underlayer on the various properties of the (CoFeKu) multilayers. A more detailed microstructural analysis of such films will also help improve the understanding OF the observed results.
